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Abstract. Objective: To establish the relation between 
routine laboratory data (lactate, fibrinogen, CRP) and 
cytokines (TNF, I L -  1 and - 6) and to estimate their prog- 
nostic value in pediatric patients with severe infectious 
purpura on admission. 
Design: Prospective study. 
Setting." Pediatric intensive care unit (PICU). 
Patients: 17 children aged 5-172 months (median 46) 
were hospitalized in our PICU in 1989-90 with severe in- 
fectious purpura. Neisseria meningitidis was isolated in 
15 children and Haemophilus influenzae in two. The pa- 
tients were divided into 3 groups: non-shock, shock and 
severe shock leading to death. Shock was defined by stan- 
dard criteria. 
Measurements: Arterial blood was sampled for lactate, 
CRP, fibrinogen, TNF, and IL-1 and -6 on admission. 
The PRISM (pediatric risk of morality)-score was re- 
corded. 
Methods." Statistical analysis was performed with the Stu- 
dent's t-test using the logarithmic values of the cytokine 
concentration, and Spearman correlation analysis. 
Results." According to the shock criteria, 9 patients were 
in shock of whom 4 did not survive. Significant dif- 
ferences existed between the 3 groups concerning lactate, 
TNF, and IL-6. Fibrinogen, CRP, IL-1, and PRISM-score 
discriminated only between survivors and non-survivors. 
A highly significant correlation existed between 
cytokines, the PRISM-score and lactate (TNF: r = 0.69, 
IL-I: r -- 0.56, IL-6: r = 0.65, PRISM: r --- 0.65). A signif- 
icant inverse correlation existed between cytokines and 
CRP (TNF: r=-0 .55 ,  IL-I: r=-0 .64 ,  and IL-6: 
r = -0.56), and IL-6 and fibrinogen (r = -0.65). 
Conclusion: These results show a significant correlation 
between cytokines and lactate, and lactate, TNF and IL-6 
are closely associated with the severity of septic shock 
with purpura in children. 
Presented inpart at the 5th European Symposium on Pediatric, Surgical 
and Neonatal Intensive Care, October 8-11, 1991, Madrid, Spain 
Correspondence to: J.A. Hazelzet, MD, Dr. Molewaterplein 60, 
NL-3015 GJ Rotterdam, The Netherlands 
Key words: Purpura - Septic shock - Meningococcal 
infections - Cytokines - Lactate - Prognostic factors 
Septic shock combined with purpura is a clinical syn- 
drome with a sudden onset and a rapid progression. Most 
patients are children under the age of 10 years and the in- 
fection is mostly caused by meningococci. The severity of 
the clinical condition on admission to hospital and the 
progression of the disease may be difficult to estimate. 
For this reason several scoring systems including labora- 
tory data have been proposed to predict he prognosis of 
the disease. Recently Leclerc et al. [1] presented a study 
in which they indicated that there was a good correlation 
between the serum C-reactive protein (CRP) level and the 
prognosis of children with severe infectious purpura and 
shock. Giraud et al. [2] showed that in 35 adult patients 
with meningococcal purpura, low fibrinogen level 
0.5 g/l) was the sole variable with prognostic value. 
During the last decade a new group of proteins, called 
cytokines, has been identified as important mediators of 
the host response to sepsis. Most extensively studied are 
probably Tumor Necrosis Factor (TNF) and Interleukin 1
(IL-D, especially in relation to meningococcal infections 
[3-6]. More recently it has become clear that another 
cytokine, Interleukin 6 (I~6), is also involved in the sys- 
temic changes during severe infections [7]. The biological 
activities of IL-6 partly overlap those of IL-1 and TNF, 
but IL-6 is probably also involved in the regulation of 
TNF and IL-1 production [8]. IL-6 is secreted by macro- 
phages, fibroblasts, and endothelial cells, it stimulates the 
synthesis of acute-phase proteins and is an endogenous 
pyrogen. 
During acute admission of a patient with septic shock 
laboratory data are routinely determined to estimate the 
clinical condition of the patient, for instance: lactate as 
end-product of anaerobic metabolism, a marker of cellular 
hypoxia; C-reactive protein (CRP), an acute-phase protein 
as marker for inflammation and tissue injury and 
fibrinogen, an acute-phase protein and coagulation factor. 
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The aims of this study were to investigate the relation 
between cytokines and these established laboratory indi- 
ces on admission and the association of  these to the se- 
verity of  the disease. This relation so far, has not been 
studied in children with septic shock and purpura. 
Patients and methods 
The study protocol was approved by the Institutional Review Board, 
and this Board waved the need for informed consent. 
Patients 
The patients who were studied were all admitted to the Pediatric Inten- 
sive Care Unit from the Sophia Children's Hospital in Rotterdam with 
the suspicion of severe infectious purpura, i.e. a clinical diagnosis of 
sepsis (manifested by 2 or more of the following conditions: tempera- 
ture > 38.5~ or < 36~ heart rate above 2 SD of the age related 
mean normal value; respiratory rate > 25/min and white blood cell 
count > 12000/mm 3 or < 4000/mm 3,in combination with petechiae 
and/or purpura. The patients were divided into a shock group and a 
non-shock group according to standard criteria (two or more of the fol- 
lowing features: systolic blood pressure below 2 SD of the age-related 
mean normal value, diuresis less than 0.8 ml/kg/h, capillary refill time 
more than 3 s, need for inotropic support, sudden change in mental 
state). The PRISM-score [9] was recorded using the most abnormal val- 
ue of each variable recorded in the first 4 h after admission. 
Assays 
On admission arterial blood was sampled as soon as possible: I ml was 
collected in fiuoride-oxalate for measurement of lactate, 1ml was taken 
in citrate for determination f fibrinogen, 2ml were allowed to clot and 
serum stored at -70 ~ for measurement of cytokines and CRP in a la- 
ter stage. 
Lactate was measured by enzymatic end-point determination [10], 
CRP by immuno-uephelometric assay [11], and fibrinogen by standard 
procedures [12]. TNF and IL-1 were measured using an immuno- 
radiometric assay for quantative measurement (IRMA, Medgenix Diag- 
nostics Benelux), and IL-6 by using an enzyme amplified sensitivity im- 
muno-assay (EASIA, Medgenix Diagnostics Benelux). These assays 
measure free and receptor-complexed cytokines. 
Statistical analysis 
Differences between patient groups were analyzed using the unpaired 
two-tailed Student's t-test with separate variance estimation. The 
logarithmic values of the cytokine concentrations were used in this test. 
Relationships of cytokines to other laboratory data were determined by 
calculating the Spearman correlation coefficient and a two-tailed signif- 
icance. 
Results 
From August 1989 untill July 1990 there were 17 patients 
who fulfilled the criteria. In 15 patients Neisseria men- 
ingitidis and in 2 patients Haemophilus influenza were 
isolated in blood and/or  cerbrospinal fluid. Inotropic 
support was started in only one patient within 0.5 h be- 
fore admission and in the other patients when necessary 
after admission. 
According to the defined citeria 9 patients were in 
shock of  whom 4 did not survive. The latter 4 patients 
were considered as a separate group. 
The values of  lactate, fibrinogen, CRP, TNF, IL-1, 
and IL-6 for the different groups are presented in Fig. 1. 
Significant differences existed between all 3 groups con- 
cerning lactate, TNF, and IL-6. Fibrinogen, CRP and 
IL-I  discriminated only between survivors and non-survi- 
vors .  Regarding the PRISM-scores, there were only sig- 
nificant (p < 0.01) differences between survivors (10.1 + 6) 
and non-survivors (30.5_+ 10). 
A highly significant correlation (Table 1) existed be- 
tween cytokines, the PRISM-score and lactate (TNF: 
r = 0.69, I~ l :  r = 0.56, IL-6: r = 0.65, PRISM: r = 0.65). 
A significant inverse correlation existed between 
cytokines and CRP (TNF: r = -0.55,  I I~l :  r = -0.64,  
and IL-6: r - -  -0.56),  and IL-6 and fibrinogen 
(r = -0.65).  No significant correlations were found be- 
tween TNF, IL-1, PR ISM and fibrinogen, and PRISM 
and CRP. 
Discussion 
Septic shock with purpura is a life threatening clinical 
syndrome with an overwhelming course and is frequently 
fatal. Most often it is caused by severe meningococcal dis- 
ease (SMD) and the highest incidence is found in children 
under the age of 10 years. In the Netherlands the attack 
rate of  meningococcal sepsis has increased from 100 cases 
in 1986 to 320 in 1991 on a total number of  15 million 
inhabitants. This increase has also been reported in other 
countries in Europe. On admission it is not always easy 
to estimate the severity of  the clinical situation. Neverthe- 
less, one has to decide on the necessity for aggressive 
therapy and the level of  supportive care. As we are more 
and more aware, septic shock is initiated by peripheral 
cellular alterations that lead to systemic dysfunction and 
organ failure. Some of  these functional alterations may 
be caused directly by the infectious organisms or their 
products. An  important port ion of  the pathogenesis how- 
ever is mediated by endogenous host factors, particularly 
cytokines [3]. In clinical studies, especially in SMD, the 
presence and concentration of  TNF, IL- I ,  and IL-6 in se- 
rum turned out to be related to severity of  disease and 
survival [2, 4 -7 ,  13-16] .  Also the results in this study 
confirm the existence of  a clear relation between the 
serum levels of  TNF and IL-6 and both severity and sur- 
vival of  pediatric SMD-patients. A practical drawback of  
cytokines is the time required for the performance of  the 
assays, taking several hours or even a day. Routine labora- 
tory indices like lactate, CRP and fibrinogen are easier 
and much faster to determine, but their relation to the 
level of  cytokines and the severity of  the disease have not 
been completely elucidated in SMD. Lactate, an end- 
product of  anaerobic metabolism and in this way a mark- 
er of  cellular dysfunction and tissue hypoperfusion [17], 
proved in this study to correlate well with severity of  dis- 
ease. Most of  the studies regarding lactate in critically ill 
patients are in agreement with these results [7, 17, 18]. 
However in a recently published study no significant dif- 
ference in lactate was found between survivors and non- 
survivors in septic patients [19]. 
In our study a negative correlation was found between 
CRP-level and severity of  disease with a significant differ- 
ence between survivors and non-survivors. This is in 
agreement with the study of Leclerc [1]. Other clinical 
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Fig. 1. Serum concentrations for cytokines 
(TNF, IL-I, and IL-6) and routine labora- 
tory data (CRP, fibrinogen, and lactate) on 
admission for the 3 groups (triangles repre- 
sent non-shock patients, open circles shock 
patients who survived, and the closed cir- 
cles are shock patients who did not survive 
studies on septic shock patients [7, 19], burn patients [15, 
20], and experimental studies [13], have presented posi- 
tive correlations between CRP or other acute phase pro- 
teins and survival. CRP has been demonstrated to bind 
to damaged tissue in vivo. When bound, CRP is capable 
of activating the complement system via the classical 
pathway [20]. In addition, CRP stimulates the secretion 
of TNF, IL-1, IL-6, resulting in a self-amplifying inflam- 
matory sequence [3, 20] and in this way plays a critical 
role in the inflammatory esponse to infection and injury. 
Nevertheless, a negative correlation between CRP and the 
level of cytokines was found. An explanation for this phe- 
nomenon might be either that CRP is massively bound in 
the initial phase of the illness or the fact that CRP may 
not yet have had enough time to increase in severe SMD. 
Peltola [21] described a group of patients with epiglottitis 
in whom the CRP level was related to the duration of the 
history. Leclerc found no relation between CRP level and 
the time between measurement and onset of symptoms 
[11. 
Table  1. Non-linear correlation-coefficients (Spearman) between rou- 
tine laboratory parameters, PRISM-score and cytokines, and linear cor- 
relation coefficients between laboratory parameters and PRISM-score 
Lactate CRP Fibrinogen PRISM 
TNF 0.71 ** -0 .50*  -0.43 0.66** 
IL-I 0.56* -0.64** -0.05 0.49 
IL-6 0.67 ** -0.51 * - 0.65 * 0.79 *** 
PRISM 0.65** -0 .50 -0.57 - 
9 p = 0.05, ** p = 0.01, *** p = 0.001 
We found significant differences in the fibrinogen lev- 
el between survivors and non-survivors. There was a neg- 
ative, non-significant correlation between fibrinogen and 
cytokines. These results are also described in other stud- 
ies [2, 4]. Fibrinogen is an acute phase protein, which is 
increased uring infections and inflammation. It is an 
important clotting factor and the level is decreased during 
diffuse intravascular coagulation (DIC). In SMD the level 
of fibrinogen probably reflects more the severity of the 
DIC, than the extent of the acute phase protein reaction. 
The serum levels of cytokines and lactate correlated 
well with the PRISM-score, which in another way sug- 
gests their relation with the severity of the disease. 
A log-linear, positive relation exists between cytokines 
and arterial plasma lactate in children with septic shock 
and purpura. In this condition we observed a negative, ex- 
ponential relation between cytokines and CRP, and 
fibrinogen on admission. Cytokines, as well as lactate, 
CRP and fibrinogen have a good prognostic value for 
survival. However lactate, TNF and IL-6 correlate signifi- 
cantly with the PRISM-score and differentiate also for 
the severity of the disease. These variables can be used to 
select patient groups for the use of new therapeutic mo- 
dalities, to follow the effect of these therapies, and to' 
compare patient groups. 
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